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lIN Margins at POCS Receiver from HP T1 Subscribers
(EIRP", 14 dBW over 1 MHz BW)
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liN Margins at POCS Receiver from HP Hubs
(40MHz/60Mbps Hubs WIth EIRP,.g d8W)
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liN Margins at POCS Receiver from TI Subscribers
(For 2.5 MHz and 30 MHz Interfer&r Bandwidths)
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liN Margins at POCS Receiver from TI Hubs
(25 dBW EIRPl60 MHz Interferer)
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6.4 Impact of the proposed EIRP mask on POCS

The Third NPRM proposed an EIRP limit on LMDS systems in the fOnTI of a maximum
EIRP expressed in tenTIS of dBW/MHzJkm 2 (see §4.2). This EIRP mask was evaluated wilh
respect to the levels of interference that would be received by a poes satellites receIver loS a
function of elevation angle from the LYIDS eminers for Rain Zones 1.2 & 3, with the results given
in Figure 6-10.

As can be seen in the figure, interference is produced at elevation angles from 0° to II J 10

ill three rain lanes.
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Figure 6-10. Interference impact of EIRP Mask on POCS

..
6. 5 Results of the Canadian study

An analysis was prepared by Canada of interference from the LMCS system (similar ll)

LMDS) into the POCS (SFCG 15-39). The modeled LMCS system was of relatively low power.
as discussed in §5.4.

Even for these low ~wered transmitters, the Canadian report concluded thal the poes
would receive interference.
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7. Impact of modeled LMDS systems on EES downlinks

The Negotiated Rulemaking Committee for LMDS concluded that sharing between LMDS
lnd Earth stations operating with tow-Eanh orbit satellites was not feasible within the same
geographical area. In the case of EES downlinks, the Earth stations lre receiving Earth stltions
rather than transmitting stations as is Lhe case tn the 27.5 - 30.0 GHz band, but the basic concepts
remain the same. The LMDS system, by its ubiquity, would make it impracticable to coordtnale
Earth station locations within an L.\1DS service area.

.....
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8. Conclusions

NASA has undertaken an intensive study to assess the feasibility of sharing between
NASA space services and LMDS services below 27.S GHz. The study has concentrated on the
potential impact to Data Relay Satellite Systems and Proximity Operations Communications
Systems, as well as a limited assessment of the potential lmpact to Earth Explor:ltion Satellite
services. Our analyses show that unacceptable interference would result from both LMDS hub md
LMDS subscriber transmissions for three of the four LMDS proponent systems currently before
the FCC.

Interference margin

LMDS system TDRS poes
CVUS Hub -9.4 -9.0

CVUS Sub 1.1 -1 .1

CVUS Hub (25 dBW/MHz) -33.4 -32.9

CVUS Sub (25 dBWIMHz) -13.9 -16.1

Endgate Hub 15.5 13.3

Endgate Sub 36.9 36.2

HP Hub -13.9 -14.4

HP Sub -7.3 -7.7

TIHub -16.5 -16.3

TISub -8.2 -10.1

EIRP mask -7.0 -7.0

Figure 8-1. Interference margin summary

Figure 8-1 shows the interference margins for TDRS and POCS from data in figures 5-,1.
5-4 and 6-2, 6-3. Significant negative""iIlargins were found for the LMDS systems proposed by
CellularVision, Hewlett Packard and Texas Instrument. Only the Endgate system paramett:rs
resulted in positive margins for the TDRS and POCS systems.

While interference is most severe for elevation angles to the satellite below lW.
unacceptable interference is found for elevations to 50° under several cases (e.g. interference into
POCS from HP and TI subscribersin high rain areas of the country).

NASA concludes that sharing between NASA space services and LMDS systems LS nut
feasible in the band below 27.S GHz. We further conclude that due to the magnitude uf
unacceptable interference resulting from three of the four LMDS system types currently before the
FCC, no rules acceptable to all parties could be drafted which would guarantee protection \If

NASA space services from harmful interference.
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.-\ ppendix :\

Results of detailed analyses of interference
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APPENDIX B

LMDS AGGREGATE INTERFERENCE rNTO POCS RECEIVERS
CONSIDERlNG SPECIFIC MSA AREAS
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To esrim.,. the amoum of aggregate interference introduced into proximity operations Sl'ace
recei'ver3. a MATLAB computer simulation program was deveioped. Space system receiver input
parameter! are:

1) Space St3DoD altitude (assumed to be 350 an)
2).Receive HPBW Ca.lnw4 to be 5.9j
3) Receive aDfenDI. pia (usumed to be 32.55 dBi)
4) R.ecei've system. node temperature (assumed to be 733~)
5) R.ecelve system bandwidth (14.7 MHZ in most cues)

LMDS system input parameten are:

1) Max .EIRP (at ccU edge for subscribers)
2) Tf1Dt9I!it silft&l bandW'idth
3) LMDS cell radius
4)~ ofbuO above ground level
5) Maimllm poi"';"! elevation of subscnber Im-mu
6) Hub antenna mainbeam elevation ansie (since t.JbI are typically pointed slightly downward)
1) Modulation pakina factor (for the cue of. widebaad imerf'erer into a narrowband rec:c:iva')
8) RaiD djmete mae (CXJnsisrem with the ceil size above)
9) N1:aIIber of!imu1tlneous co-frequeDcy subscribers per cell (assumed to be one for all systems

exceptENDGATE wbich uses a 36-sectorized eeU)
10) Frequency i:Dreriea'Ymg (assumed to be -3 dB for CV and 0 for all albers)

AdditiOllllly. 3 dB beIm footprint ana for variaus bam aimJ)Oint elevation miles are input to
the sUmJlltioa. Thae footprint areas were proo<:aiculated otf..line uSng a separate program siDca
they involve a sipific:ant amount ofcomput.atica by their aMi right.

A "m.L" vedOr specifying various L\iDS bam fill percentages and the areas of selected MSAI
(metropo.IitaD statistical areas) are aLso input to the simulation. These vlriables are used to
compute the '"'etf'ective LMDS area" which is defined to ~ that area occupied by LMDS ceils.
This is to take imo account the fact that bem1 footprints (especilLly large ones that occur at low
elevatiOIl,,_) win typically not be complete!, saunted with LMDS systems. The program
provides three options for computing effective ara. These are described befow with the aid of the
following fiFe. ....
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as 2a-A oftbefoo~area. The approximMe 111...... ofLMDS cells in the footprint is then
£buDd by dividiDl the etfecrive area by the LMDS ceil area.

In 0fJU0Il B. the fill per05Utap is interpreted u a c:eruiIl perea.,. of the MSA area. For
enmpie. a fill percentile of 1ooe~ would tID till eAcrive area to be the emift MSA area alMIf." --,,,.,,,vat is"'" tUR • M..U. The rest oftbe footprint is UlWDed to be
comptetety empty ofLMDS ceils.lltlw h81'''''''' till. tItlwr 1uJNJ, us",.u, tlttua tJM
M&t *-If, tIM",...".. is tJIka to lie tJIIffIIIl til tIN __.. CWl'II if4 100" MS.A
ct1NNp a~ This typially b.appenl1l hiP. elevation angfes.

Option C is similar &lid is analogous to the C-""ItiaD approKh for computing effective area.
Allin, iftbe~ faotprim is larger than the MSA (as shown in the figure), and lOOt,le MSA
coverqe is speci6ed, the effective area is tUm to be the entire MSA +33" til tlu 1'f!nwUr;"f
ftltJ9"III".' ftr tie JWSA. Like option 8, boweYer, if the beam footprim is smaller thaD the
MSA, then the e&c:cift ara is simply taklll to be the beam footprinl area itself. Again, this
typically occ:urs at the higher etevaiion miles. HeDce.. at the hiP. elevation angles., the IJN
m.argm values for a particu.lar sc.en.ario wiD geaeralJy be the same for both Options B and C.

Once the LMDS et!'ective area is ca1cu1ated ac:cordina to one of the three options above, the
approximate number ofLMDS cdls in the beam footl)rint is found. by dividing tM effective area
by the ceil ara. For subseiber interfereac:e, the numb« of co-channei interferers per cell who,.
carriers fall into the roes r~e bmdwidth is tbm found by comparing the receiver bandwidth
with the interferer's bandwidth. For ex2mpl~ an LMDS scenario in which an indiv'idual



SUbscrl:>er'S bandwidth is 1 MHZ (fur a II data rate) and the space system receive bandwidth is
14.7 MHZ. will assume 15 subscriber Lnterf~ per ceil. In addition, if there is frequency ralSe

within the celt by means of seaorization (as in the case of ENDGAIE with 36 seeton), the
nu.mbef' of potential interferen per ee.ll is further multiplied by this factor.

For the esrim.ud number ofLYIDS cells in the footprint (NCELL), the program then populates
the footprint with cells starting at the far edge of the footprint and progressing towards the near
edge. For each ceil. the elevation angie to the satellite is computed as well as the gain fall-off' u
the satellite amenna. The atmospheric loS! for each cell is aJ..so calculated bued on its elevation
angie and the specified ram-<:1imltte zone. .8«'''. the cell sizes are much smaller than the
distance to the satellite., all 3Ubscribers within a cd1 are usumed to have the ~e satellite
elevation angle., atmospheric los!, and gain faJI-()ff It the satellite as that computed for the
particuiar celt itself. (Note, however, that pointing angles and gain falloffs at the subscriber
antenna are computed for every subscriber in every ceil.) At this POint. the algorithm branches
Urea two sepllnte patlu depending on whether subsaibers or hubs are being analyzed. Sin~
subsaiber interference is more COO'll'liC4Ied. the rest of this d~ption peru.im only to subscri~

analysis, although the hub analysis is very similar.

After popdatiq the footprint with the appropri.Ge DUmber of cells, the interferers within a ceil U'C

randoftUy located w1ttUn each cell. For e:a.mpie, for the ca.se described above with 15 Tl
interferers per ceil, 15 interferers would be randomly distributed in uch of the NCELL cdls
within the footprint. (Note that in some cases U Mea in the table, one interferer per cell is
deIiba"Iaely forced into azimuth alignment with the satellite to stUdy its effect.). After the
subsc:nbers have bela randomly distributed in the celis. & number ofparameter! are calculated for
each subsaiber. These are:

1) Subsc:riber-to-ftub !"I.DpS witbi.a each cell
2) Subsaiber EIR.P u a function of subscriber-to-bub distaDce
J) Subsaiblr ...... elevation angle based OIl dittIIICC to hub a.aci hub heilin above ground lewi
4) Oft'-ais mate ofeac.h subscriber's amerma poiariDc direction (towards the hub) from its Un.
of·sight to the SIIeWte
5) Uq the oft'-ais &niles in (4) and chI speciDed subscriber antenna paaem, the correspon<llnc

subxriher anteDDa pin falloifs are ccmpWed
6) The subscriber _erma pin &1Ioff's are cbecked to see which ones are less than 3 dB. Where

this occurs, it indicates m.ai.n-beam coupling and a J dB polarization discrimina!ion is assumed..
7) The slant raaae ud ftee..space loss are coall'Uted (or each subscriber
8) The iDr8'faeace power at the satellite is comyMed from each subscriber tn.D3mitter in e3Cb ry{

the NCEI I S tIkiDa intoa~ facton such u interleaving, peaking, and band'Width
adjustmem (for a wideband interferer into a IW't'O'Wbarut reuiver) where they apply.

9) After colMl1ing the individuai interferiq powers from dB co non-dB units (JIatts), the
aggregate interl'ereDU power is computed by SW21mi,. over alI subscriber interferenu powers.
10) The thermal noise power N in dBW is subtnaed from me aggregate interference power I in

dBW to get the IIN ratio.
II) The IJN ratio is compareq.with the IJN criterioa of -6 dB to get the margin.



This procedure is repeated for each of the 5J)CCified beam footprint areas and % coverage Valuc:s.

.....
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liN Margins at poes Receiver from T1 ev Subscriber
(Based on 25dBWiMHz EIRP Density)
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liN Margins at poes Receiver from T1 ev Subscriber
(1 of 15 Interferers per Cell IS Azimuthally In-line with SIC)

15 ~----...,------..,..----.......,-----..,.-----..,

504010 20 30

Beam Boresighl Elevabon Angle (deg)

5

--~Q., . . :"I , . .-- .. -_.""" -~-------------+-------------~------_ .. _...+. _.. ------
\ It' I

i. : : ;.$.' . . .,:"'\, : : ~~:" : . ,..
-,J--~ i ~~-,.. 1.. ::::7'.~_ •• _ +._. ....:~ . .~ .__ .. _.. ~... _.. _

~ ~ ::
1 r r : '""- i __~
, ....._ ...., . --- .
1~ ._-' i -.----- .. ,.., ~

o ~--_:::"'"'-~:..,..,."-----..;.:-----..;.:-----...:------1

10

I/NM..,.....~....
-5 L..- L..- --l. .....J.. ...... ..1

o

I
~ 1000;. Beam Fill .M MSA onlY

.11 "'Iarnt "'SA Only .Mlami "'SA • JJ~.

kMax Subscriber EIRP • 10 dijw)

...

..

/3 d-



liN Margins at POCS Receiver from CV FMITV Hu s
(Hub EiRP is 39.8 cBW Based on 25 dBW/MHz Dens y)
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liN Margins at poes Receiver from Tl Subscribers
(For 2.5 MHz and 30 MHz Interferer BandwlC:lths)
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liN Margins at poes Receiver from Tl Subscribers
(One Interlerer per cell forcacllnto AzImuth Alignment))
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VN Margins at poes Receiver from TI Hubs
(20 d8W EIRPI40 MHz Interlerer)
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CV LMDS INTERFERENCE INTO SPACE STATION PROX DPS RECBlVER ()50 KM ALTITUDE; 5.90 RECV BEAM HPBW)

CASE~ SYSTEM SUBIlillB MAXEIRP XmiIBW CcURad1us ~lant RocvBW j ofinlfc:n MAL MSA~ UN MargilU (dB) al Bca.r. ilevl&!ion
(dBW) Data Rale; ()cm) (MHz) per~1 aligned Angle fIX 100'% Covc:raac of SMA

INilh SIC (or bt1lJ1l if 10 indicll\Qd)

pc:r oeU O· 5° 15· 20° )~ 40'

I CV SUB 10.0 I MH.zITI 4.8 2 14.7MHz 15 0 100Y. of 08 "()2 2] 4.] 59 7.8
Bum

2 cv SUB 100 I Ml-Wrl 4.1l 2 1..1 MHz 15 I 100%, of ·16 -<40 Ul 39 S9 73•• StAIn

1 cv SUB , 15.0 I MH.zJT1 4.8 2 14.1MHz 15 0 10000A of 148 109 -9 I ·18
BcW1 143 126

.. cv SUB 10.0 iii MH.zlTl 2.7 I 147 MIll IS 0 100% of -16 ·)4 -19 -D.4 I 4 ]0
llelm

S cv SUB 10.0 I MHUfI 4.M 2 147 MHz 15 0 NcwYoc\ II 1 118 68 49 68 Ii"

6 (lJ%)' cv SUB 10.0 1 Mlhlfl 48 2 141M1lL 15 0 New Yon 48 39 54 48 70 83

1 Cv SUB 100 I MHUfI 4.8 2 14.7MHl. IS I New Yorl.: 51 s.4 60 46 66 !U

8 (JW.) cv SUB 10.0 I Mlldfl 4.11 2 14.1 Milt IS I Ncw Yod -4).t -u 48 46 62 88

9 CV SUB 250 I MlWfI 4.8 2 14.1 M1u. 15 0 Ncw YOIt -tI.Q ~ -1.1 -9.9 -3.) -4.6

10(ll%) CV SUB 250 I MlWn 4.8 2 14.1 MIlL 15 0 New YOflL - 10.1 -9.5 10.1 -t.3 ~Jl

~O.i

/3 I;;,tlJL

I C.Il:S IlIAJ).:ed 3)% refer 10 the l1Ielhod in which the eftQcuvc Ilea within lhe beam foolprinllU'C1l IS calculillod The dfocuvc &Iea III U1a'WncJ 10 be \ballIC4

occupu;d by LMD3 (ellii. For CUQ marked (33%), Ihe elfcclive ~ll' equllo the; beam uu if 'he beam an:. ill leu l1ulll or ~uaIloOle qUlLI\lily (%oovcrage· Au..J
which i, the pcwcfil LMDS covcuie (in krmi of ..ca) of the ludicaled SMA (J\.aCIitical mcliopoli'lUl &(Ca). If Oat beam area JS grealer 1hAJl1h~ quantity. lhco the
clIocuvc Ilel l,lakC1\ ao be UUI quantity t ]]% of the bea&l\ IlCI outside dUa ..-ca (i.c. A.a .. W.oovcuie·A~w) to]) ·(AIU<;..)<-o/.covcrlge· A•....J) Foe cues 1\04

,~~c.a (})~). A_· A...., to. A.e.....'~....~ eR4A~·A.- b b"ln U$U JlcalClf th&£) ".oova'ic·::iMA (I e Illc r~1l oflhc beam Ilea II

......-a • M......, 01 u,«)I"'.



.
II CV SUB 100 I MJWTI 2.1 I 14.1 MHz IS 0 Milllli 11.5 112 10 5.0 2.2 17

2(33%) CV SUB 10.0 I MHzIfI 27 I 14.7 MHz 15 0 Miami H 29 2.9 27 1.9 18

13 CV SUB 100 1 MHzITI 27 1 14.1 tvfHz IS I Miami 114 112 6.1 .4 2.0 14

4(33%) CV SUB 10.0 1 MH.zIfI 2.7 I 14.7 MHz IS I Miami -1.0 -u 1.9 25 19 ) 5

15 CV SUB 5.0 IOUWI6kbp. 4.8 2 500kHz 50 0 New York. -J.7 ......6 ....0 IO.AJ ".0 ~ ...
6(]J¥.) cv sua 5.0 10 klWI6 kbp. 4.8 2 500 kH2 SO 0 New Yorl - 1&.& -'.6 10.• ..... ~.1

HU
-t-t

17 CV SUB 398 30 MlWoC 5 Mbpi 48 2 141 MHz I 0 New York .....1 -:1.1 ....7 11.1 -8,1 -6.1

18 (33%) CV SUB " 39.8 30 Ml-W4SMbpa 4.8 2 141 MHz , 0 New YOf~ . 11.1I - Hl.1 -7 .• -6.0
10.1 10.1

19 CV HUB 70 ~MHzFWTV 4.8 2 14.7 MIlL 1 0 New York 66 70 204 187 20.3 218

20 (lWe) cv HUB 7.0 20 MHz PWTV 4.8 2 14.1 MHz I 0 New Yorli. 0.2 0.0 19 1 1117 20.3 218

11 CV HUB UO 10 MI-h PWrV 4.1 1 14.7 MIll , 0 New Yon - 24.0 - llJ 10.6 -9.1
14.1 10.6

22 (Jl%) CV HUB 38.0 lOMHzfMfTV 4.8 2 141Mltz I 0 New York . f-Jl.l - 1l.J -10.6 ·lI.l
}().t 1U#

21 CV HUB 70 20 MHz PM/TV 4.8 2 14.7 MHz I 0 New Yotkt- I ) I ) - - - -
Phila+ Wa.h

DC

14 (3]%) CV HUB 10 20MHzfMffV 4.8 2 14.1 MHz. , 0 New Yorl-t .... -1-' .- - - -
Phil. + DC

25 CV SUB 10.0 I MH.z/T1 48 2 141 MHz IS 0 INcw York + 54 49 - - .' -
Phil.'" DC

26 (33%) CV SUB 10.0 I MHzIfI 4.8 2 14.1 MHz. 15 0 lNew Yorl; + 29 27 - - - -
Phila + DC

MJ Ie jJ;:L


